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Abstract 
Photovoltaic module working temperature significantly reduces the electrical efficiency, increases degradation rates and thermal 
stresses. In solar module operation temperature is an important issue. As with appropriate cooling system, electrical output can be 
increased, a special pass reverse flow absorber collector is designed and developed. And a commercial polycrystalline module is 
modified by gluing this heat extraction unit by thermally conducted epoxy at back surface of module through which water is 
flowing by gravity at preset flow rate and no pump is used. Electrical and thermal performance of modified system has been 
evaluated for climatic condition of Dehradun in comparison with reference module. From collected real time data cooling 
coefficients of electrical parameters of modified proposed module with respect to reference are derived by mathematical 
modelling and programming in MATLAB at optimized flow rate for minimum operating temperature. It is found that there is 
significant increase in electrical efficiency. The effect of environmental parameters on cooling coefficients is also analyzed. 
RS232 logic and MATLAB GUI are used to log the real time electrical and environmental parameters. 
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1. Introduction 
PV module efficiency is a complex function of micro – climatic parameters in outdoor environment and working 
temperature plays a crucial role in rating determination.  
Fall in PV efficiency with rise in cell temperature well recognized. 1,2 
Operating temperature of PV panels influence by both electrical and environmental variables like ambient 
temperature, solar insolation, wind velocity, panel orientation and mounting structure.3  
High yield solar radiation also enhances solar heat transfer and accumulation of heat gain on PV module increases 
PV cell temperature and decrease electrical efficiency. 4 
Actual performance of PV module was tested under harsh climatic conditions of UAE and found that operating 
temperature range was 50-60oC and efficiency drops by 3 to 4 %.There is more than 25 % performance reduction of 
PV modules as operating over 50oC above ambient temperature.5  
PV module nominal efficiency is measured in Standard Test Condition (STC) i.e. 1000 W/m2, cell temperature 
25oC and Air Mass 1.5. Actual efficiency of PV module can differ from its nominal value in real operating 
conditions because operating conditions deviate from STC.6  
Low cost simple method of removing heat from commercial PV module is natural of forced air circulation from 
back side of module. But if ambient temperature is above 20oC this method is less effective. Water heat extraction is 
more effective than air heat extraction. Different configurations of absorber surface are used to enhance system 
performance. In terms of efficiency, life, cost and payback period R & D on optimization on material, selection and 
operating environment is suggested for future development.7 
The total power output of PV modules is largely influenced by operating temperature. Maintaining panel 
temperature close to STC is one of the methods to improve overall conversion. This paper analyzed available options 
in this direction and proposed heat transfer enhancement to a cooling fluid from the PV panel. Thus the system 
becomes hybrid one and converts solar radiation into both electrical energy and thermal energy. Extra space 
requirement, extra expenses of the for circulation due to pump and limited quantity of heat transfer were some of the 
short coming observed with addition of conventional system.3 
To reduce the energy consumption in buildings and to provide thermal and electrical energy for domestic usages, 
thermal and electrical behavior of wall mounted solar PV/thermal collector have been illustrated through a numerical 
model by Jie Ji in 2006. This simulation results showed that it is beneficial for cooling to increase the mass flow rate 
of working fluid. But this benefit diminishes after critical flow rate has been passed and thermal efficiency decreases 
subsequently. Operation of PV/thermal system can improve only at optimum flow rate.8 
2. Experimental setup 
As shown in figure 1 experimental set up comprises of: 
• Two similar but separate commercial polycrystalline panels each of area 0.57m2 and of 75Watt peak 
• One module is glued by thermally conducted epoxy to a special two pass reverse flow absorber collector as 
cooling unit through which water is flowing by gravity from overhead tank and warm water is collected at 
lower end of the panel. Cooling unit is thermally insulated from rear side. 
• Both the panels mounted similarly facing due south and tilted at an angle equal to latitude of Dehradun i.e. 
30 degree  
• Data acquisition system and its major components are: 
¾ Max 232(level converter)- convert TTL to RS level and vice  
¾ USB to Serial cable-This provide the interfacing between coordinator node and personal computer 
¾ Personal Computer-Data logged off on PC with the help HyperTerminal and V1.9b Terminal 
 




Fig. 1. Experimental setup 










Fig. 2. Snapshot of Terminal V1.9 b 
Following electrical, thermal and environmental parameters monitored and average readings were logged at interval 
of 15 minutes during experiment using a data acquisition system employing RS 232 interface using MAX232 level 
converter IC. All measurements are saved to an excel file for further calculation and analysis. 
• Output voltage (V), output current (I) and back surface temperature (Tb) of reference module 
• Output voltage (Vm), output current (Im) and back surface temperature (Tbm) of modified module 
• Inlet water temperature (Tin) and outlet water temperature (Tout) 
• Solar radiation on tilted surface (G) 
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• Ambient temperature (Ta) 
• Wind velocity (v) 
The analysis of the above data is done using MATLAB. 
3. Mathematical Modelling 
Cooling coefficient is a measure of change in electrical parameter of modified module with respect to reference, if 
operating temperature of PV module is decreased by 1oC. 
Cooling coefficient (x) of any parameter X with respect to temperature can be calculated by  
 
Where, dX = change in consider electrical parameter 
 dT = decrease in temperature 
 
Cooling coefficient of output voltage (α), 
 
 
Cooling coefficient of output current (β),

 





Percentage increase in efficiency     =    
 
4. Result and Discussion 
Numerous set of experiments conducted over a duration from 8th April to 24th April 2014in outdoor real time 
conditions. Each experimental day tests run for sufficient hours in clear sky. Cooling of module has been performed 
by circulating water at preset flow rate for the day. To keep operating temperature as low as possible water flow rate 
was optimized from the collected data and found that for flow rate about 0.01 kg/sec the installed nominal operating 
temperature (at 800 W/m2 and 1m/s wind speed) was about 30.62oC whereas of reference module is varying 43.5oC 
to 54oC.9  
For the days 14th, 15th, 20th and 21st April 2014, when the flow was set optimum to keep operating temperature 
minimum possible effect of reduced operating temperature of commercial grade poly crystalline solar module upon 
electrical parameters is derived in terms of temperature coefficients. These temperature coefficients are cooling 
temperature coefficients which provide rate of change in electrical parameters with respect to decrease in operating 
temperature from reference module. 
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Cooling temperature coefficients of voltage (α), current (β) and power (γ) are illustrated in following graphs 
generated in MATLAB and shown in figure 3. Also flow rate in kg/sec, average solar insolation (G) in Watt/m2, 













































The results are also summarize in Table 1 below 
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Table 1     Test results of selected experiment days  
S.No. Date Flow Average % increase in 
efficiency    G v Ta α β γ 
  Kg/s W/m2 m/s oC % % % % 
1 14-04-14 0.014 587 0.6 30.56 0.05 0.40 0.46 5.37 
2 15-04-15 0.013 632 1 31.4 0.054 0.162 0.218 3.08 
3 20-04-14 0.01 630 1.43 29 -0.038 0.442 0.40 4.91 
4 21-04-14 0.009 626 0.83 33.76 0.04 0.71 0.74 5 
  
 
It is mentioned above that installed nominal operating temperature of modified module at optimized flow rate is 
30.62oC at standard reference conditions. But the operating temperature of modified module deviates from standard 
conditions as of reference module. Operating temperature of modified module also function of environmental 
parameters and the relation between operating temperatures with environmental parameter is also not linear. 
From table 1 it can be observed that as average ambient conditions are different for each day of experiment and 
hence there is variation in cooling coefficients. 
With solar insolation, ambient temperature and wind speed are also very important parameter to be considered. 
There is significant percentage increase in efficiency of modified module. It is more when ambient temperature is 
higher and wind speed is lower. 
5.  Conclusion 
The system has been integrated and tested to function properly. The goal of real time electrical and 
environmental data transmission is achieved. The results have been obtained through Terminal v1.9b 
Cooling of PV module is significantly achieved. It has been shown that for each oC decrease in operating 
temperature, generated power increases. PV module efficiency is increased at satisfactorily value by extracting heat 
from PV module by proper circulation of water. 
Cooling coefficients of electrical parameters has been calculated with respect to decrease working temperature 
only but it is also dependent on other environmental parameters. 
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